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ABSTRACT: 

CHG DATE=1999'1102 STATUS=0> A copper alloy sheet comprises 0.4 to 
2.5 wt% of Ni, 0.05 to 0.6 wt% of Si, 0.001 to 0.05 wt% of Mg, and 
the balance being Cu and inevitable impurities wherein an average 
grain size in the sheet is in the range of 3 to 20 mu m and a size of 
an intermetallic compound precipitate of Ni and Si is in the range of 
0.3 mu m or below. If necessary, the sheet may further comprise one 
or more of 0.01 to 5 wt% of Zn, 0.01 to 0.3 wt% of Sn, 0.01 to 0.1 
wt% of Mn, and 0.001 to 0.1 wt% of Cr. It is preferred that when an 
X-ray diffraction intensity from isclosed200and plane in the surface 
of said sheet is taken as Iisclosed200and, an X-ray diffraction 
intensity from isclosed311and plane is taken as Iisclosed31 land, and 
an X-ray diffraction intensity from isclosed220and plane is taken as 
Iisclosed220and, the following equation is satisfied 
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(54) Copper alloy sheet for electronic parts 

(57) A copper alloy sheet comprises 0.4 to 2.5 wt% 
of Ni, 0.05 to 0.6 wt% of Si, 0.001 to 0.05 wt% of Mg, 
and the balance being Cu and inevitable impurities 
wherein an average grain size in the sheet is in the range 
of 3 to 20 um and a size of an intermetallic compound 
precipitate of Ni and Si is in the range of 0.3 um or below. 
If necessary, the sheet may further comprise one or 
more of 0.01 to 5 wt% of Zn, 0.01 to 0.3 wt% of Sn, 0.01 
to 0.1 wt% of Ma and 0.001 to 0.1 wt% of Cr. It is pre- 



ferred that when an X-ray diffraction intensity from {200} 
plane in the surface of said sheet is taken as !{200}, an 
X-ray diffraction intensity from {311} plane is taken as I 
{31 1 }, and an X-ray diffraction intensity from {220} plane 
is taken as l{220}, the following equation is satisfied 

[l{200} + l{311}]/l{220}^0.5 
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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

[0001] This invention relates to a copper alloy sheet useful as electronic parts and particularly, those parts such as 
terminals/connectors, switches, relays, lead frames and the like. The copper alloy sheet of the invention has excellent 
mechanical properties and electrical conductivity, and are thus suitable for the above purposes. In addition, the alloy 
10 sheet has a good stress relaxation resistance characteristic and good bend formability, enabling the alloy sheet to 
show better performance upon use as electronic parts, such as terminals/connectors, switches, relays, lead frames 
and the like, which are required to be down-sized and are placed in a high temperature environment. 

Description of the Related Art 

15 

[0002] It has been hitherto employed, as electronic parts such as terminals/ connectors, copper alloys including 
brass (C26000), phosphor bronzes (C51 1 1 , C51 91 , C521 2, C521 0), Cu-Sn-Fe-P alloy (C5071 5), and the like. In recent 
years, there have also been used copper alloys such as Cu-Ni-Sn-P alloys, Cu-Ni-Si-Zn-Sn (-Ca-Pb) alloys, Cu-Ni-Si- 
Mg (-Zn) and the like. Patent documents concerning copper alloys, which belong to alloys of the same type as the 

20 copper alloy sheet of the invention and contain Ni and Si, include, for example, Japanese Laidopen Patent Application 
Nos . Hei 9-209061, Hei 8-319527, Hei 8-225869, Hei 7-126779, Hei7-90520, Hei7-18356, Hei 6-184681, 6-145847, 
6-41660, Hei 5-59468, Hei 2-66130 and Sho 61 -2501 34, and Japanese Patent Publication No. Sho 62-31060. 
[0003] With the recent development of electronics, electronics parts such as terminals and connectors tend to be 
down-sized, for which more improved reliability thereof has been demanded. This is illustrated using, for example, 

25 terminals used in the field of automobiles. For the purposes of insuring an accommodation space, improving accom- 
modation properties, and shortage of transmission wires (to permit location of electronic appliances in the vicinity of 
an engine for engine control), electronic and electric appliances mounted in an engine room increase in number The 
increase in number of appliances for electronic control and the increase in amount of transmission signals results in 
an increase in number of pins of wire harnesses. Nevertheless, it becomes necessary to arrange a junction block and 

30 a terminal box in a narrow space, thus contemplating fabrication of more down-sized and more lightweight connectors. 
[0004] In such down-sized and lightweight connectors, processing techniques such as 180 degree bending at 0 
radius and bending after notching (i.e. a bent portion is notched and then bent) as shown in Fig. 1 or "notching" have 
been adopted for the purpose of making up for the lowering of rigidity caused by reduction in sheet or plate thickness 
and also ensuring high dimensional accuracy. When subjected to such a processing technique, existing copper alloys 

35 undergo generation of fine cracks at the bent portion, thus leaving the problem that when the resultant terminal is 
employed, its reliability lowers considerably. 

[0005] In the connection operation of connectors, an insertion force expressed as (initial contact force of connector) 
x (coefficient of friction at the time of insertion) X (pin number) is needed. If the initial contact forces of terminals are 
at the same level, the increase of the pin number results in an increasing insertion force. This is one of factors con- 

40 tributing to increasing the fatigue of workers who perform assembling operations. In order to suppress the insertion 
force from increasing after the increase in the pin number, it have become necessary to reduce the initial contact force 
of terminals substantially in reverse proportion to the increase in the pin number. However, when terminals are formed 
of a copper alloy material having the same stress relaxation rate, it is not possible to maintain a standard value of a 
contact force necessary for keeping the reliability for use as a terminal. This is because an initial contact force of a 

45 down-sized terminal having a large number of pins is set at a low level, thus exerting stress relaxation on the terminal 
as time goes. Hence, in order to keep a given contact force B necessary after passage of time, in terminals having a 
large number of pins, there is required a specific type of copper alloy material, which has a smaller initial contact force 
(A'<A) and a smaller degree of stress relaxation (C'<C), i.e. a smaller stress relaxation rate (1 -B/A'<1 -B/A) than those 
materials used as a terminal having an small number of pins. This is particularly shown in Fig. 2. In addition, such an 

50 alloy material should have high strength (yield strength) so that it can yield a substantial contact force on its use as a 
down-sized spring portion. 

[0006] As will become apparent from the above, with the down-sizing of terminals, there are demanded copper alloy 
materials, which have better bend formability, stress relaxation resistance, and strength (yield strength) than existing 
copper alloys. Especially, with regard to the stress relaxation resistance characteristic, the higher performance of en- 
55 gines results in a higher temperature in an engine room. This strongly demands the development of copper alloys 
whose stress relaxation resistance is good at high temperatures exceeding 150°C. 

[0007] I n order to meet the above demand, attempts have been made on the processing step of terminals/connectors 
with the use of combinations of soft copper/copper alloys having good electrical conductivity and formability or proc- 
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essability and stainless steel materials having good yield strength and formability along with a good stress relaxation 
resistance. This presents the problem that the processing steps are complicated with poor economy. On the other 
hand, hitherto employed copper alloys, respectively, have the following problems. Conductivity and stress relaxation 
resistance are poor for bronze and phosphor bronze, stress relaxation resistance is poor for Cu-Sn-Fe-P copper alloys, 
5 and yield strength is poor for Cu-Ni-Sn-P alloys. This is true of Cu-Ni-Si alloys, e.g. Cu-2Ni-0.5SMZn-0.5Sn(-Ca-Pb) 
alloys are poor in formability and stress relaxation resistance, and Cu-3Ni-0.65Si-0.15Mg alloys are poor in formability 

SUMMARY OF THE INVENTION 

10 [0008] It is accordingly an object of the invention to provide an alloy material which overcomes the problems of the 
prior art counterparts. 

[0009] It is another object of the invention to provide an alloy material which has good yield strength, electrical con- 
ductivity and stress relaxation resistance characteristic along with good formability sufficient to ensure 180 degree 
bending at 0 radius, and thus is suitable for use as electronic parts such as terminals/connectors, lead frames and the 
15 like. 

[0010] We made intensive studies on Cu-Ni-Si alloys in order to solve the prior-art problems, and as a result, found 
that the above objects can be achieved by appropriately controlling the amounts of Ni, Si and Mg in Cu along with the 
amounts of Zn and Sn, if necessary, and also by appropriately controlling an average grain size of a product sheet and 
also a size of an intermetallic compound precipitate of Ni and Si. 

20 [001 1] More particularly, the invention contemplates to provide a copper alloy sheet which has good stress relaxation 
resistance and bend formability and is adapted for use as electronic parts, the copper alloy sheet comprising 0.4 to 
2.5 wt% of Ni, 0.05 to 0.6 wt% of Si, 0.001 to 0.05 wt% of Mg, and the balance being Cu and inevitable impurities 
wherein an average grain size in the sheet is in the range of 3 to 20 u.m and a size of an intermetallic compound 
precipitate of Ni and Si is in the range of 0.3 urn or below. The copper alloy sheet may further comprise 0.01 to 5 wt% 

25 of Zn and/or 0.01 to 0.3 wt% of Sn. If Sn is present, it is preferred that the following equation is satisfied when the 
content by wt% of Mg is represented by [Mg] and the content by wt% of Sn is by [Sn] 

0.03^6[Mg] + [Sn]^0.3 

30 

[001 2] Further, the copper alloy may further comprise 0.01 to 0.1 wt% of Mn and/or 0.001 to 0. 1 % of Cr. Separately, 
at least one of Be, Al, Ca, Ti, V, Fe, Co, Zr, Nb, Mo, Ag, In, Pb, Hf, Ta and B may be further contained in the alloy in a 
total amount of 1 wt% or below. 

[001 3] When the X-ray diffraction intensity from plane {200} in the sheet surface is taken as l{200}, the X-ray diffraction 
35 intensity from plane {31 1 } is taken as I {31 1 }, and the X-ray diffraction intensity from plane {220} is taken as l{220}, the 
following equation should preferably be satisfied 

[l{200} + l{31 1}]/l{220} ^0.5 

40 

[0014] In addition, It is preferred that the yield strength is 530 N/mm 2 or above. 
BRIEF DESCRIPTION OF THE DRAWINGS 
45 [0015] 

Fig. 1 is a schematic view illustrating notching; 

Fig. 2 is a view illustrating the reason why a copper alloy material having a good stress relaxation resistance is 
required for a terminal having a large number of pins; 
50 Fig. 3 is a graph showing the relation between the content of Mg and the stress relaxation resistance {remaining 

stress) and bend formability; 

Fig. 4 is a graph showing the variation in yield strength and bend formability in relation to the average grain size; and 
Fig. 5 is a graph showing the variation in stress relaxation resistance (remaining stress) and bend formability in 
relation to the content of Sn. 

55 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0016] The components of the copper alloy sheet of the invention and their amounts are described below. 
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(Ni and Si) 

[0017] These components have such an effect that they are able to form an intermetallic compound of Ni and Si in 
a co-existing condition and can improve a stress relaxation resistance and a yield strength without considerably lowering 
s electrical conductivity. When Ni<0.4 wt% and Si<0.05 wt%, the above effect is not expected. On the contrary, when 
Ni>2.5 wt% and Si>0.6 wt%, bend formability lowers considerably. Accordingly, the content of Ni is in the range of 0.4 
to 2.5 wt% and the content of Si is in the range of 0.05 to 0.6 wt%. Taking the yield strength and bend formability into 
account, it is preferred that the content of Ni is in the range of 1 .5 to less than 2.0 wt% and the content of Si is in the 
range of 0.3 to 0.5 wt%. 

10 [0018] it will be noted that among the intermetallic compound precipitates of Ni and Si, those precipitates that con- 
tribute to improving the stress relaxation resistance characteristic and the yield strength are ones which have a size 
of 0.3 |xm or below. If precipitates whose size exceeds 0.3 urn are formed, precipitates which contribute to improving 
these characteristics become smaller in amount. Moreover, if precipitates having a size exceeding 0.3 urn are liable 
to cause cracks at the time of bend forming operations, thus resulting in the deterioration of bend formability. Accord- 

16 ingly, the precipitate size of the intermetallic compound of Ni and Si should preferably be 0.3 um or below. In this 
connection, when the size of the intermetallic compound precipitate increases within a range of 0.3 urn or below, such 
precipitates become resistant to slip deformation at the time of bending, and thus, slip deformation is apt to be inho- 
mogeneous thereby causing the surfaces to be wrinkled. In this sense, the precipitate size is more preferably in the 
range of 0.2 jim or below. 

20 

(Mg) 

[001 9] Mg is present in a Cu matrix in the form of a solid solution and can remarkably improve the yield strength and 
stress relaxation resistance characteristic only in small amounts without involving a considerable lowering of electrical 

2S conductivity when co-existing with the intermetallic compound of Ni and Si. However, as the amount increases, work 
hardening at the time of bending increases. This cause cracks to be generated at a bent portion. Thus, it is necessary 
to determine the content enough to satisfy both the stress relaxation resistance characteristic and the bend formability. 
If Mg<0.001 wt%, no effect of improving the stress relaxation resistance characteristic can be expected. On the contrary, 
if Mg>0.05 wt%, the bend formability considerably lowers, making 180 degree bending at 0 radius impossible. Hence, 

30 the content of Mg is in the range of 0.001 to 0.05 wt%, preferably in the range of 0.005 to 0.02 wt%. 

[0020] Fig. 3 shows the variation in the content of Mg in a Cu-1 .8%Ni-0.4%Si composition in relation to the stress 
relaxation resistance characteristic (remaining stress after keeping at 1 60°C for 1000 hours and the bend formability). 
The method of making samples, the measurement of stress relaxation resistance characteristic, and the bending test 
method used herein are, respectively, same as those described in examples. Through observation of a bent portion 

35 after the bend test, a sample having no generation of crack is plotted as • and a sample suffering crack is indicated 
as X in the graph. As is particularly shown in Fig. 3, the remaining stress is sharply improved on addition of Mg only 
in very small amounts and, in fact, exceeds 70% when the content is at 0.005%. When the content of Mg exceeds 
0.02%, the increase of the remaining stress becomes gentle. Crack is found to occur when the content is over 0.05%. 

40 (Average grain size) 

[0021] There are known many documents, which have referred to the relation between the bend formability and the 
grain. Most of them are unclear with respect to the measurement of a grain size, or with respect to whether or not 
measurement is made after recrystallization or whether or not measurement is made in the state of a final product (e. 

45 g. a sheet or strip in a state capable of serving for terminal or lead frame work after completion of rolling and thermal 
treatment) . In the practice of the invention, an appropriate grain size has been determine based on the finding that 
the bend formability can be conveniently controlled by controlling a grain size value obtained by measurement along 
an axis vertical to the surface of a final copper alloy sheet. When the grain size is less than 3 um, good bend formability 
is not obtained. When the grain size exceeds 20 urn, wrinkles on the surface become so large that crack is liable to 

so occur. Thus, the average grain size is generally in the range of 3 to 20 urn, preferably 5 to 15 u.m. It is to be noted that 
where a grain size is larger than the above-defined range after recrystallization, the generation of crack can be sup- 
pressed according to a subsequent working step wherein the grain size in a final product is controlled to be in the range 
of 3 to 20 u.m. On the contrary, if a grain size after recrystallization is within an appropriate range (of 3 to 20 urn), crack 
may occur when a working rate in a subsequent step is so great that the grain size in a final product is smaller than 3 um 

55 [0022] The copper alloy sheet of the invention exhibits a good heat resistance and does not undergo any structural 
change on heating at about 350°C in maximum as is experienced at the time of setup of terminals and connectors or 
in a mounting step of semiconductors. Thus, it is considered that the average grain size, precipitate size, crystallo- 
graphy orientation, yield strength and the like are kept in a state prior to the working of the sheet. 
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[0023] Fig. 4 shows an average grain size, a yield strength and bend formability in relation to the variation in the 
grain size of an alloy having a Cu-1.8%Ni-0.4%Si-0.01%Mg composition. Samples for this are made in the same 
manner as in examples (provided that thermal treatment after cold rolling was changed under temperature and time 
conditions within ranges of from 675 to 875°C and from 20 seconds to 10 minutes, and precipitation treatment after 

s 30% of cold rolling was changed under temperature and time conditions within a range of from 450 to 500°C and 2 
hours) . The methods of measuring a grain size and yield strength and a bending test method were, respectively, carried 
out in the same manner as in examples appearing hereinafter. The bent portion after the bending test was observed, 
and a sample undergoing no generation of crack is plotted as • and a sample undergoing generation of crack is plotted 
as X in the graph. As shown in Fig. 4, a grain size, which ensures a yield strength of 530 NAmm 2 and good bend 

10 formability, is in the range of 3 to 20 ujti. It is considered that with samples having a grain size less than 3 u.m, the 
solution treatment temperature after cold roller is low, or the solution treatment time is short, so that grains are not 
satisfactorily restored in ductility, thus causing bend formability to be worsened. With samples whose grain size exceeds 
20 urn, the grain size is so large that stress concentration is liable to occur at grain boundaries at the time of bending. 
Eventually, surface wrinkles become large, thus leading to intergranular crack. 

15 

(Sn) 

[0024] In general, the solid solution of Sn in a Cu matrix improves strength. In the practice of the invention, it is aimed 
to produce an effect of significantly improving a stress relaxation resistance characteristic through co-existence with 

20 the intermetallic compound of Ni and Si and also with Mg in small amounts of Sn rather than to produce the strength- 
improving effect. When Sn is added to a Cu-Ni-Si alloy of the invention, the stress relaxation resistance characteristic 
is improved. However, if Sn<0.01 wt%, the improving effect is not satisfactory. The stress relaxation resistance char- 
acteristic is improved before the content of Sn is arrived at a certain level, but a higher content of Sn does not further 
improve the stress relaxation resistance characteristic with a lowering of bend formability. When Sn>0.3 wt%, bend 

2S formability considerably lowers, with the 1 80 degree bending at 0 radius becoming impossible. Accordingly, the content 
of Sn is in the range of 0.01 to 0.3 wt%, preferably 0.05 to 0.2 wt%. 

[0025] In relation with the content of Mg, it is preferred that 0.03 ^6[Mg] + [Sn]^0.3. More particularly, when a value 
of 6[Mg] + [Sn] is less than 0.03 wt%, a satisfactory stress relaxation resistance characteristic is not obtained. When 
the value exceeds 0.3 wt%, bend formability degrades. 

30 [0026] Fig. 5 shows the variation in stress relaxation resistance characteristic and bend formability in relation to the 
content of Sn when Sn is contained in an alloy having a Cu-1 .8Ni-0.4%Si-0.01%Mg composition. The method of making 
samples, the method of measuring a stress relaxation resistance characteristic and a bending test method are, re- 
spectively, those illustrated in examples. Bent portions after the bending test were observed, and samples undergoing 
no occurrence of crack are plotted as • and samples undergoing occurrence of crack is indicated as X in the figure. 

35 On comparison with Mg, the effect of improving the stress relaxation resistance characteristic is less. However, as 
shown in Fig. 5, the remaining stress is abruptly improved and arrives at a value exceeding 80% when the content is 
at 0.1%. The improvement of the remaining stress Is substantially saturated at a level of 0.1. Over 0.3%, the alloy 
undergoes cracking. 

40 (Zn) 

[0027] Zn acts to improve a thermal resistance of a soldered layer to peel and a migration resistance. When Zn^0.1 
wt%, such an improving effect does not develop satisfactorily. On the contrary, when Zn>5 wt%, solderability lowers. 
Accordingly, the content of Zn is in the range of 0.01 to 5 wt%, preferably from 0.3 to 1.5 wt%. 

45 

(Mn, Cr) 

[0028] Mn and Cr, respectively, serve to further improve the stress relaxation resistance characteristic when co- 
existing with the Ni-Si intermetallic compound. The improvement is not appreciable when the content of Mn is in the 
60 range of 0.01 wt% or below and the content of Cr is in the range of 0.001 wt% or below The content of either of them 
exceeds 0.1 wt%, the improving effect is saturated, with a lowering of bend formability. 

(Be and other elements) 

55 [0029] Be, Al, Ca, Mn, Ti, V, Cr, Fe, Co, Zr, Nb, Mo, Ag, In , Pb, Hf , Ta, B and the like individually act to further improve 
yield strength on co-existence with the Ni-Si intermetallic compound. If the total amount of these elements exceeds 1 
wt%, not only electrical conductivity lowers, but also bend formability lowers. Accordingly, the total amount of these 
elements is in the range of 1 wt% or below. 
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(CrystaNographic orientation) 

[0030] The copper alloy according to the invention has increasing preferring ratios of {200} and {311} planes on or 
in the sheet surface with an increase in grain size after recrystallization. When rolled, the sheet increases in the pre- 

s ferring ratio of {220} plane. In the practice of the invention, appropriate preferring ratios, as is particularly shown here- 
inbefore, are determined based on our view that these planes has a strong interrelation with bend formability, and the 
bend formability can be appropriately controlled by controlling the preferring ratios of these planes in the sheet surface. 
[0031] The copper alloy sheet of the invention can be made according to the following manufacturing procedure. In 
the manufacturing procedure, the preferring ratios can be controlled, as desired, by controlling, for example, heat 

10 treating conditions (including heating temperature and time) and a subsequent cold rolling step (e.g. a working rate). 
The preferring ratios do not appreciably change depending on the precipitation treatment or stress relief annealing. 

(Yield strength) 

is [0032] When the yield strength is less than 530 N/mm 2 , a high contact force cannot be obtained at a spring portion 
of a down-sized terminal. 

[0033] The manufacturing method of the copper alloy of the invention is now described. 

[0034] The copper alloy is melted and cast, after which it is subjected, if necessary, to homogenizing heat treatment 
and hot rolling, followed by cold rolling, heat treatment and quenching (which may be repeated, if necessary). Moreover, 
20 the copper alloy may be further cold rolled and then subjected to precipitation treatment, followed by cold rolling or 
stress relief annealing, if necessary, to obtain an intended copper alloy. 

[0035] In the practice of the invention, it is essential to perform at least one cycle of a thermal treatment (solution 
treatment) under conditions of a temperature of 700 to 850° C and a time shorter than 5 minutes especially for the 
thermal treatment on the way of the cold rolling step. If the thermal treating temperature is lower than 700°C, a recrys- 

25 tallized grain size becomes so small that a difficulty in involved in obtaining good bend formability along with unsatis- 
factory formation of an Ni-Si solid solution. On the contrary, when the temperature exceeds 850°C, the recrystallized 
grain size become too large, resulting in the formation of large wrinkles on bend forming. If a subsequent cold rolling 
rate is higher, the grain size defined in the present invention becomes small. However, this entails an increasing pre- 
ferring ratio of the {220} plane, making it difficult to ensure good bend formability. In addition, the thermal treatment 

30 over 5 minutes not only is poor in economy, but also undesirably makes a large re-crystallized grain size, thus leading 
to large wrinkles occurring during the course of bend forming. In this case, if a subsequent cold rolling rate is high, the 
grain size defined in the invention becomes small as well. However, the preferring ratio of the {220} plane increases, 
making it difficult to ensure good bend formability. 

[0036] When the thermal treatment is continued for 5 minutes or over, the intermetallic compound precipitates of Ni 
35 and Si may be made roughened or impurity elements (S, Pb, As, Bi, Se and the like) of low melting points may be 
concentrated at the grain boundaries, resulting in a lowering of bend formability. 

[0037] It will be noted that when the thermal treatment temperature on the way of cold rolling is lower or when the 
precipitation treatment temperature is higher, the size of the intermetallic compound precipitate of Ni and Si becomes 
larger. The crystallographic orientation index becomes smaller at a lower thermal treatment temperature or at a larger 
40 total value of subsequent cold rolling rates. 

[0038] The invention is more particularly described by way of examples. Comparative examples are also described. 

[Examples] 

45 [0039] Copper alloys having constituent compositions indicated in Tables 1 and 2, respectively, melted in air in a 
Kryptol furnace under charcoal-covered conditions and each cast into a book mold to obtain an ingot having a size of 
50 mm X 80 mm X 200 mm. The ingot was heated to 930°C and hot rolled to a thickness of 15 mm, followed by 
immediate quenching in water. In order to eliminate oxide scales from the surfaces of the hot rolled material, the surfaces 
were cut off through a grinder. The material was cold rolled, followed by thermal treatment at 750°C for 20 seconds, 

50 cold rolling to a degree of 30%, andprecipitation treatment at 480°C for2 hours to obtain 0.25 mm thick sample material 
(Nos. 1 to 43). The samples were provided for testing. Further, in order to obtain copper alloys having different grain 
sizes, intermetallic compound precipitate sizes and orientation indices, the copper alloy of No. 19 was subjected to 
cold rolling, after which it was thermally treated under different conditions within a range of 675 to 875° C X 20sec. to 
10min., followed by cold rolling to a degree of 30%, precipitation treatment under different conditions within a range of 

55 450 to 500°C X 2 hours and further subjecting part of the alloy to cold rolling and stress relief annealing to obtain 0.25 
mm thick materials (Nos. 19-1 to 19-8) for testing. 
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[Table 1] 





No. 


Main Components (wt%) 


Sub-components (wl%) 


5 




Cu 


Ni 


Si 


Mg 


Zn 


Sn 


Mn 


Cr 






1 


balance 


0.8 


0.2 


0.008 








- 


_ 




2 


balance 


1.3 


0.3 


0.012 




_ 


_ 


_ 


- 




3 


balance 


1.8 


0.4 


0.011 




_ 


m 


_ 


- 


10 


4 


balance 


2.3 


0.5 


0.010 


_ 


_ 




_ 






5 


balance 


1.8 


0.4 


0.003 








_ 


_ 




6 


balance 


1.8 


0.4 


0.019 












15 


7 


balance 


1.8 


0.4 


0.028 










_ 




8 


balance 


1.8 


0.4 


0.045 










_ 




9 


balance 


1.8 


0.4 


0.011 


0.03 










20 


10 


balance 


1.8 


0.4 


0.011 


0.3 








_ 


11 


balance 


1.8 


0.4 


0.011 


1.1 








_ 




12 


balance 


1.8 


0.4 


0.011 


4.2 












13 


balance 


1.8 


0.4 


0.002 




0.01 






_ 


25 


14 


balance 


1.8 


0.4 


0.011 




0.03 










15 


balance 


1.8 


0.4 


0.011 


_ 


0.11 






- 




16 


balance 


1.8 


0.4 


0.011 




0.19 






_ 


30 


17 


balance 


1.8 


0.4 


0.011 




0.28 








18 


balance 


1.8 


0.4 


0.011 


1.1 


0.11 






_ 




19 


balance 


1.8 


0.4 


0.011 


1.1 


0.11 


0.04 


0.005 


_ 




20 


balance 


1.8 


0.4 


0.011 




0.11 


0.06 


0.02 


- 


35 


21 


balance 


1.8 


0.4 


0.011 




0.11 


0.02 


0.08 






22 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.005 


Be: 0.02 Al: 0.05 




23 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.005 


Ti: 0.03 V:0.005 


40 


24 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.005 


Fe: 0.04 Co: 0.06 


25 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.005 


Zr: 0.03 Nb: 0.007 




26 


bafance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.005 


Ag: 0.03 In: 0.1 




27 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.005 


Hf: 0.008 Ta: 0.009 


45 


28 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.005 


B: 0.01 



[Table 2] 



so 



55 



No. 


Main Components(wt%) 


Sub-components (wt%) 


Cu 


Ni 


Si 


Mg 


Zn 


Sn 


Mn 


Cr 


29 


balance 


0.3 


0.1 


0.008 












30 


balance 


2.7 


0.6 


0.012 












31 


balance 


0.8 


0.03 


0.011 












32 


balance 


2.3 




0.010 
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[Table 2] (continued) 



5 



10 



15 



No. 


Main Components(wt%) 


Sub-components (wt%) 


Cu 


Ni 


Si 


Mg 


Zn 


Sn 


Mn 


Cr 


33 


balance 


1.8 


0.4 














34 


balance 


1.8 


0.4 


0.062 












35 


balance 


1.8 


0.4 


0.011 


6.1 










36 


balance 


1.8 


0.4 


0.011 




0.39 








37 


balance 


1.8 


0.4 


0.011 




0.11 


0.15 


0.005 




38 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.18 




39 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.005 


Be: 0.02 Al: 1 .2 


40 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.005 


Ti: 0.05 Co: 1.3 


41 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.005 


Fe: 1.1 Zr: 0.03 


42 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0.005 


Ta: 0.009 In: 1.1 


43 


balance 


1.8 


0.4 


0.011 




0.11 


0.04 


0005 


Aa: 1.2 B: 0.01 


* The underlined indicates contents outside the scope of the invention. 



[0040] The test materials were, respectively, checked according to the following procedures with respect to tensile 
strength, yield strength, electrical conductivity, 180 degree bending at 0 radius, grain size, precipitate size, crystallo- 
graphic orientation and thermal resistance of a soldered layer to peel. The results are shown in Tables 3 to 6. 
[0041] Tensile strength, yield strength: determined according to a method described in JIS Z 2241 . It is to be noted 
that the yield strength adopted was one at an elongation set of 0.2% determined by an off-set method. The respective 
samples were tested with a test number, n. = 2 and the average values thereof were used. A test piece was No. 5 test 
piece described in JIS Z 2201 , and the direction of pull of each test piece was determined parallel to the rolling direction. 
[0042] Electrical conductivity: determined by a method described in JIS H 0505. The measurement of an electrical 
resistance was made by use of a double bridge. 

[0043] 180 degree bending at 0 radius: determined by a method described in JIS Z 2248. A test piece width was 
determined at 10 mm and was bent at 180 degrees under a load of 1 ton. A sampling direction of a test piece was in 
G.W. (good way wherein the bending axis is vertical to the rolling direction) and in B.W. (bad way wherein the bending 
axis is parallel to the rolling direction). After the test, the bent line of each sample was observed through a stereoscopic 
microscope with 40 magnifications, whereupon samples were selectively divided into good ones (suffering no cracking 
without large wrinkles), ones undergoing large wrinkles, and cracked ones. The respective samples were subjected 
to 180 degree bending at 0 radius each at n = 5. If one of the five test samples suffered large wrinkles or cracking, 
such a sample group was judged as wrinkled or cracked. It will be noted that a sample, whose wrinkles and cracks 
were unlikely to be discriminated from each other upon observation of the bent line through the stereoscopic micro- 
scope, was cut along a section vertical to the bent line, and the cut plane was polished and observed through an optical 
microscope (with 50 to 100 magnifications), from which the presence or absence of cracks was judged. 
[0044] Average grain size: measured along an axis vertical to a sheet surface according to a cutting method described 
in JIS H 0501 . The measurements were for sample materials (with a thickness of 0.25 mm) obtained after completion 
of a fabricating process, not after completion of re-crystallization as ordinarily used for this purpose. Samples were 
taken from five portions of a sheet at its central portion along the width thereof, and each sample was measured at 
five portions thereof. Thus, an average value of 25 measurements was provided as an average grain size of the sample. 
In the copper alloy of the invention, the values of the grain size at the measured sites do not vary so much, and 
substantially same measurements were obtained. 

[0045] Size of Ni-Si intermetallic compound precipitate: a sample was photographed from two fields of view through 
a transmission electron microscope at 60,000 magnifications, and an average grain size of the largest compound 
precipitate to the fifth largest compound precipitate was determined for use as a compound precipitate size. 
[0046] Crystal orientation: after completion of fabrication steps, an X-ray was incident on a surface of a test sample 
(with a thickness of 0.25 mm) to measure intensities from individual diffraction planes. Among the intensities, the ratios 
of diffraction intensities at {200}, {311} and {220}, which had strong interrelation with bend formability, were compared 
with one another, and a value of [l{200} + 1 {31 1 }]/l{220} was calculated. It will be noted that X-ray irradiation conditions 
were such that the kind of X-ray was Cu K-a1 , a tube voltage was at 40 kV, and a tube current was at 200 mA., and 
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measurement was made while rotating a sample on Its own axis. 

[0047] Stress relaxation resistance characteristic: checked by use of a cantilever block technique described in EMAS- 
3003 wherein an initial stress was set at 80% of yield strength under which a remaining stress after keeping at 160°C 
for 1000 hours was measured. The test was conducted at n = 5 for individual samples, and an average value was 

s provided as a remaining stress of a sample. 

[0048] Thermal resistance of a soldered layer to peel: after application of a weakly active flux, a material was im- 
mersed and soldered in a 6Sn/4Pb solder bath at 245°C for 5 seconds, and kept in a thermostatic furnace at 150°C 
for 1000 hours, after which the resistance was checked. The checking method was such that the material was bent at 
180° along a circle with a radius of 1 mm, and returned to a flat sheet to observe the presence or absence of solder 

10 peeling. Sampling was made after 250 hours, 500 hours, 750 hours and 1000 hours kept in the furnace. The resistance 
was indicated in terms of a maximum time before peeling took place. 



[Table 3] 



IS 


No. 


tensile 
strength 
(N/mm2) 


yield 
strength (N/ 
mm 2 ) 


plpctrical 
conductivity 
(%IACS) 


180 degree bending at 0 
radius 


grain size 
Own) 


compound 
precipitate 
size (u.m) 












G.W 


B.W 






20 


1 


540 


480 


52 


good 


good 


8 


0.1 


2 


580 


520 


51 


good 


good 


8 


0.1 




3 


640 


580 


50 


good 


good 


8 


0.1 




4 


680 


620 


49 


large wrinkle 


large wrinkle 


8 


0.1 


25 


5 


640 


580 


50 


good 


good 


8 


0.1 




6 


640 


580 


50 


good 


good 


8 


0.1 




7 


650 


590 


49 


good 


good 


8 


0.1 


30 


8 


650 


590 


49 


good 


good 


8 


01 


9 


640 


580 


50 


good 


good 


8 


0.1 




10 


640 


580 


49 


good 


good 


8 


0.1 




11 


640 


580 


48 


good 


good 


8 


0.1 


35 


12 


640 


580 


45 


good 


good 


8 


0.1 




13 


640 


580 


50 


good 


good 


8 


0.1 




14 


640 


580 


50 


good 


good 


8 


0.1 


40 


15 


640 


580 


49 


good 


good 


8 


0.1 


16 


640 


580 


48 


good 


good 


8 


0.1 




17 


650 


590 


47 


large wrinkle 


large wrinkle 


8 


0.1 




18 


640 


580 


47 


good 


good 


8 


0.1 


45 


19 


640 


580 


47 


good 


good 


8 


0.1 




20 


640 


580 


47 


good 


good 


8 


0.1 




21 


640 


580 


47 


good 


good 


8 


0.1 


50 


22 


670 


610 


45 


good 


good 


8 


0.1 


23 


670 


610 


46 


good 


good 


8 


0.1 




24 


660 


600 


45 


good 


good 


8 


0.1 




25 


650 


590 


46 


good 


good 


8 


0.1 


55 


26 


660 


600 


45 


good 


good 


8 


0.1 




27 


650 


590 


47 


good 


good 


8 


0.1 
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[Table 3] (continued) 



5 



10 



No. 


tensile 
strength 
(N/mm 2 ) 


yield 
strength (N/ 
mm 2 ) 


electrical 
conductivity 
(%IACS) 


180 degree bending at 0 
radius 


grain size 
(urn) 


compound 
precipitate 
size (u,m) 


G.W 


B.W 


28 


650 


590 


47 


good 


good 


8 


0.1 


19-1 


640 


580 


47 


large wrinkle 


large wrinkle 


4 


0.1 


19-2 


640 


580 


47 


large wrinkle 


large wrinkle 


18 


0.1 


19-3 


620 


560 


47 


large wrinkle 


large wrinkle 


8 


0.25 


19-4 


640 


580 


47 


large wrinkie 


large wrinkle 


B 


0.1 



15 



[Table 4] 



20 


No. 


crystallographic 
orientation [I {200} +i 

ia-i 4)1/1 roriAi 

{311}j /I {220} 


remaining stress after 
resistance relaxation 
resistance at 160°C for 
1000hours 


thermal resistance of 
soldered layer to peel 
(hours) 


6[Mg] + [Sn] (wt%) 




1 


0.70 


70 


750 


0.048 




2 


0.70 


72 


500 


0.072 


25 


3 


0.70 


74 


500 


0.066 




4 


0.70 


75 


250 


0.060 




5 


0.70 


72 


500 


0.018 


30 


6 


0.70 


75 


500 


0.114 


7 


0.70 


76 


500 


0.168 




8 


0.70 


77 


500 


0.270 




9 


0.70 


74 


750 


0.066 


35 


10 


0.70 


74 


1000 


0.066 




11 


0.70 


74 


1000 


0.066 




12 


0.70 


74 


1000 


0.066 


40 


13 


0.70 


75 


500 


0.022 




14 


0.70 


79 


500 


0.096 




15 


0.70 


82 


500 


0.176 




16 


0.70 


82 


500 


0.256 


45 


17 


0.70 


82 


500 


0.346 




18 


0.70 


82 


1000 


0.176 




19 


0.70 


85 


1000 


0.176 


50 


20 


0.70 


85 


1000 


0.176 




21 i 


0.70 


85 


1000 


0.176 




22 


0.70 


86 


1000 


0.176 




23 


0.70 


86 


1000 


0.176 


55 


24 


0.70 


86 


1000 


0.176 




25 


0.70 


86 


1000 


0.176 
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[Table 4] (continued) 



No. 


c rv <itPi Hnn ranh \c* 

orientation [1 {200} +1 
{311}]/! {220} 


i ci i idij in ly on coo ciiid 

resistance relaxation 
resistance at 160°C for 
1000hours 


Lilclfiicfl igoIoLcii lufcJ \Jl 

soldered layer to peel 
(hours) 


D L lv, yJ + L^ r 'J vNi/of 


26 


0.70 


86 


1000 


0.176 


27 


0.70 


86 


1000 


0.176 


28 


0.70 


86 


1000 


0.176 


19-1 


0.70 


85 


1000 


0.176 


19-2 


0.70 


85 


1000 


0.176 


19-3 


0.70 


81 


1000 


0.176 


19-4 


0.55 


85 


1000 


0.176 



[Table 5] 



20 


No. 


toncil o 

strength (N/ 
mm 2 ) 


yield 

strength (N/ 
mm 2 ) 


fcMfcJUU lUcil 

conductivity 
(%IACS) 


180 degree bending at 0 
radius 


grain size 
(urn) 


Compound 
precipitate 
size (urn) 












G.W 


B.W 






25 


29 


460 


400 


54 


good 


good 


8 


0.1 




30 


700 


660 


48 


cracked 


cracked 


8 


0.1 




31 


480 


420 


55 


good 


good 


8 


0.1 


30 


32 


680 


620 


40 


cracked 


cracked 


8 


0.1 




33 


630 


570 


51 


good 


I good 


8 


0.1 




34 


660 


600 


48 


cracked 


cracked 


8 


0.1 




35 


640 


580 


42 


good 


! good 


8 


0.1 


35 


36 


650 


590 


42 


cracked 


cracked 


8 


0.1 




37 


640 


580 


42 


cracked 


cracked 


8 


0.1 




38 


650 


590 


45 


cracked 


cracked 


8 


0.1 


40 


39 


700 


660 


36 


cracked 


cracked 


8 


0.1 




40 


680 


620 


38 


cracked 


cracked 


8 


0.1 




41 


680 


620 


r 37 j 


cracked 


cracked 


8 


0.1 




42 


660 


600 


39 


cracked 


cracked 


8 


0.1 


45 


43 


650 


590 


46 


cracked 


cracked 


8 


0.1 




19-5 


620 


560 


48 


cracked 


cracked 


2 


0.1 




19-6 


650 


590 


47 


cracked 


cracked 


23 


0.1 


SO 


19-7 


580 


520 


48 


cracked 


cracked 


8 


0.4 




19-8 


680 


650 


46 


cracked 


cracked 


8 


0.1 




* The underlined indicates a portion where the characteristic is 


poor. 







55 



11 



EP 0 949 343 A1 



[Table 6] 



5 


No. 


crystallographic 

orientation [I {200} +l 

{31111/1 (220) 
i 'j j i j 


remaining stress after 
resistance relaxation 
resistance at 160°C for 
1000hours 


thermal resistance of 
soldered layer to peel 
(hours) 


6[Mg] + [Sn] (wt%) 




29 


0.70 


64 


750 


0.048 


10 


30 


0.70 


75 


250 


0.072 


31 


0.70 


70 


750 


0.066 




32 


0.70 


75 


250 


0.060 




33 


0.70 


64 


500 


0 


15 


34 


0.70 


78 


500 


0.372 




35 


0.70 


74 


1000 


0.066 




36 


0.70 


82 


1000 


0.456 


20 


37 


0.70 


85 


1000 


0.176 


38 


0.70 


86 


1000 


0.176 




39 


0.70 


86 


1000 


0.176 




40 


0.70 


86 


1000 


0.176 


25 


41 


0.70 


86 


1000 


0.176 




42 


0.70 


86 


1000 


0.176 




43 


0.70 


86 


1000 


0.176 


30 


19-5 


0.70 


84 


1000 


0.176 


19-6 


0.70 


85 


1000 


0.176 




19-7 


0.70 


78 


1000 


0.176 




19-8 


0.42 


85 


1000 


0.176 


35 


* The underlined indicates a portion where the characteristic is poor. 



[0049] The results of these tables reveal that the alloy Nos. 1 to 28 and 19-1 to 19-4 of the invention exhibit good 
characteristic properties. It should be noted, however, that alloy No. 4 has a relatively high value of Ni/Si, alloy No. 17 
has a high value of 6[Mg]+[Sn], alloy No. 19-1 is relatively small in grain size, alloy No. 19-2 is relatively large in grain 

40 size, alloy No. 1 9-3 is relatively large in compound precipitate size, and alloy No. 1 9-4 is relatively low in crystallographic 
orientation index. Accordingly, these alloys suffer large wrinkles when subjected to 180 degree bending at 0 radius. 
However, all of the alloys do not suffer cracking, and thus, can be employed for electronic parts without involving any 
substantial problem. Alloy No. 13 is relatively low in the value of 6[Mg]+[Sn], so that the stress relaxation resistance 
is slightly lower than those alloys having both Mg and Sn added thereto. Alloy No. 1 9-3 is relatively large in compound 

45 precipitate size, so that the stress relaxation resistance characteristic is relatively low. 

[0050] On the other hand, comparative alloy Nos. 29 and 31 are so low in content of Ni or Si that the yield strength 
and the stress relaxation resistance characteristic are both low. Alloy Nos. 30 and 32 are high in Ni or Si content, so 
that when subjected to 180 degree bending at 0 radius, they suffer cracking. Alloy No. 33 is free of Mg and its stress 
relaxation resistance characteristic is low Alloy Nos. 34 to 43 are higher in content of any of components, so that they 

50 suffer cracking when subjected to 180 degree bending at 0 radius, or electrical conductivity is low. 

[0051] Alloy No. 1 9-5 is smaller in grain size, so that it suffers cracking when subjected to 1 80 degree bending at 0 
radius. Alloy No. 19-6 is larger in grain size, so that it suffers cracking when subjected to 180 degree bending at 0 
radius. Alloy No. 19-7 is larger in compound precipitate size, so that it suffers cracking when subjected to 180 degree 
bending at 0 radius, along with low stress relaxation resistance and low yield strength. Alloy No. 19-8 is lower in crys- 

55 tallographic orientation index and suffers cracking when subjected to 1 80 degree bending at 0 radius. 

[0052] As will be apparent form the foregoing, the copper alloy of the invention have good yield strength, electrical 
conductivity, stress relaxation resistance characteristic and good formability sufficient to ensure 180 degree bending 
at 0 radius, and is suitable for use as terminals, connectors, switches, relays, lead frames and the like. 
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Claims 

1. A copper alloy sheet adapted for use as electronic parts, which comprises 0.4 to 2.5 wt% of Ni, 0.05 to 0.6 wt% 
of Si, 0.001 to 0.05 wt% of Mg, and the balance being Cu and inevitable impurities wherein an average grain size 

s in the sheet is in the range of 3 to 20 u/n and a size of an intermetallic compound precipitate of Ni and Si is in the 

range of 0.3 urn or below. 

2. A copper alloy sheet adapted for use as electronic parts, which comprises 0.4 to 2.5 wt% of Ni, 0.05 to 0.6 wt% 
of Si, 0.001 to 0.05 wt% of Mg, 0.01 to 5 wt% of Zn, and the balance being Cu and inevitable impurities wherein 

10 an average grain size in the sheet is in the range of 3 to 20 um and a size of an intermetallic compound precipitate 

of Ni and Si is in the range of 0.3 u.m or below. 

3. A copper alloy sheet adapted for use as electronic parts, which comprises 0.4 to 2.5 wt% of NI, 0.05 to 0.6 wt% 
of Si, 0.001 to 0.05 wt% of Mg, 0.01 to 0.3 wt% of Sn, and the balance being Cu and inevitable impurities wherein 

15 an average grain size in the sheet is in the range of 3 to 20 um and a size of an intermetallic compound precipitate 

of Ni and Si is in the range of 0.3 u.m or below. 

4. A copper alloy sheet adapted for use as electronic parts, which comprises 0.4 to 2.5 wt% of Ni, 0.05 to 0.6 wt% 
of Si, 0.001 to0.05wt%of Mg, 0.01 to 0.3 wt%of Sn, 0.01 to5wt%of Zn, and the balance being Cu and inevitable 

20 impurities wherein an average grain size in the sheet is in the range of 3 to 20 u.m and a size of an intermetallic 

compound precipitate of Ni and Si is in the range of 0.3 unn or below. 

5. A copper alloy sheet according to any one of claims 1 to 4, further comprising 0.01 to 0.1 wt% of Mn and/or 0.001 
to 0.1 wt%of Cr. 

25 

6. A copper alloy sheet according to any one of claims 1 to 5, wherein when an X-ray diffraction intensity from {200} 
plane in the surface of said sheet is taken as l{200}, an X-ray diffraction intensity from {311} plane is taken as I 
{311}, and an X-ray diffraction intensity from {220} plane is taken as l{220}, the following equation is satisfied 

30 

[l{200} + l{31 1 }]/l{220} S0.5 

7. A copper alloy sheet according to any one of claims 1 to 6, wherein when a content by wt% of Mg is represented 
by [Mg] and a content by wt% of Sn is by [Sn], the following equation is satisfied 

35 

0.03^6[Mg] + [Sn]sS0.3 

8. A copper alloy sheet according to any one of claims 1 to 7, further comprising at least one of Be, Al, Ca, 71, V, Fe, 
40 Co, Zr, Nb, Mo, Ag, In, Pb, Hf , Ta and B in a total amount of lwt/% or below. 

9. A copper alloy sheet according to any one of claims 1 to 8, wherein said sheet has a yield strength of 530 N/mm 2 
or above. 

45 



50 



55 
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